As produce consumption has increased, so have foodborne disease outbreaks associated with fresh produce. Little research has addressed food safety practices used on small to medium-sized farms selling locally or in farmers markets. This study evaluated current food safety practices used by farmers on small to medium-sized farms and managers of farmers markets in Georgia, Virginia, and South Carolina based on responses to surveys. Surveys were developed, pretested, and revised before implementation with target audiences and were implemented via mail and the Web to maximize participation, with reminders sent to nonrespondents. Data were collected from 226 farmers and 45 market managers. Frequencies and percentages were calculated for all response variables. Responses from farmers indicated that more than 56% of them use manures. Of those who use manures, 34% use raw or mixtures of raw and composted manure, and over 26% wait fewer than 90 days between application of raw manure and harvest. Over 27% use water sources that have not been tested for safety for irrigation, and 16% use such water sources for washing produce. Over 43% do not sanitize surfaces that touch produce at the farm. Only 33% of farmers always clean transport containers between uses. Responses from market managers indicated that over 42% have no food safety standards in place for the market. Only 2 to 11% ask farmers specific questions about conditions on the farm that could affect product safety. Less than 25% of managers sanitize market surfaces. Only 11% always clean market containers between uses. Over 75% of markets offer no sanitation training to workers or vendors. While farmers and market managers are using many good practices, the results indicate that some practices being used may put consumers at risk of foodborne illness. Consequently, there is a need for training for both farmers and market managers.
Local food markets account for a growing share of U.S. agricultural production (3) . As of 2012, there were 7,864 farmers markets operating throughout the United States, a 9.6% increase from 2011 (10) . This number has increased from 1,755 in 1994, 5,274 in 2009, and 7,175 in 2011 (10, 11) . In 2010, there were approximately 3,600 communitysupported agriculture organizations (CSAs) in operation, up from 60 in 1990 (9) . Direct-to-consumer marketing represented $1.2 billion in sales in 2007, up from only $551 million in 1997, and sales of edible products accounted for 0.8% of total agricultural sales in 2007 (3) . Research indicates that consumers shop at farmers markets because of the shopping atmosphere, environmental consciousness, product freshness, and to support local farmers (1) . Consequently, the social aspects of farmers markets are an important part of their function. In addition, farmers markets can provide important economic benefits to their communities. An Iowa study indicated that 374 jobs could be attributed directly to the farmers markets in that state and over 200 additional jobs indirectly (4) .
In 2008, small farms selling less than $50,000 in gross annual sales accounted for 81% of local food sales (food sold directly to consumers at farmers markets and roadside stands) (2) . Direct consumer sales are a critical component for economic viability for these small farms (2) . Martinez et al. (3) reported that on average farmers selling directly to consumers in 2007 had 4 years less experience farming than those not selling directly to consumers. Forty percent of these were considered beginning farmers (3). Although leadership, business planning, and training for young farmers and farmers market vendors have been reported as a necessary element for growth of local food systems (8) , less attention has focused on the food safety practices and food handling training needs of this audience. Some farmers lack the monetary resources for third-party audits and employees needed for good agricultural practices certification. Outbreaks of foodborne illness have been linked to products sold in farmers markets (5, 13) . Thus, there is a need to address food safety in this market segment. The purpose of this study was to determine current food safety practices that could affect the safety of produce sold in local markets by surveying farmers on small to medium-sized farms and managers of farmers markets in Georgia, Virginia, and South Carolina.
MATERIALS AND METHODS
All survey instruments and methods developed and used in this study were approved for use with human subjects by the Institutional Review Boards of the three participating universities. Two survey instruments, one for use with farmers and the other for farmers market managers, were developed by project personnel and were reviewed for content validity and readability by an advisory board consisting of Extension specialists, produce grower organization representatives, and representatives of state departments of agriculture. Questionnaires were then revised and pretested with randomly selected farmers (n~57) and market managers (n~12) in Georgia, Virginia, and South Carolina by the Virginia Polytechnic Institute and State University Center for Survey Research (CSR). Contact information for farmers and market managers was obtained from Extension Agents, sustainable agriculture organizations, Farm Bureau and grower or market Web sites in Georgia, South Carolina, and Virginia. Following minor modifications, a mail survey was administered by the CSR to a convenience sample of 522 farmers and 84 market managers from the database of small farms and farmers markets in each state. A reminder postcard was sent to all mail survey recipients 3 days following initial mail delivery. All mail survey nonrespondents and all contact records with no valid mailing address (706 farmers and 142 market managers) were asked to complete a Web survey. Personalized (with unique embedded tracking numbers) Web links were sent via e-mail invitations to each Web survey contact. The survey link took respondents to a Web version of the appropriate survey that had been programmed by the CSR. Mail survey nonrespondents for whom there was no valid e-mail address were sent another complete survey package. Data were collected and analyzed by the CSR. SPSS version 18 (SPSS, Inc., Chicago, IL) was used to calculate frequencies and percentages of the sample population for each answer component.
RESULTS
Data were collected from 226 farmers and 45 market managers. These numbers represented response rates of 16.1% on mail surveys and 20.1% on Web surveys for farmers and 4.2% on mail surveys and 15.4% on Web surveys for market managers. In both cases, Web surveys proved more effective in reaching the target audience. The 226 farmer respondents identified primary markets for their produce as farmers markets (53.1%), restaurants (21.2%), CSAs (26.1%), and wholesale markets (24.3%). For responding farmers, the numbers of employees on farms ranged from 0 employees for 30.5% of farmers to 1 or 2 employees for 22.1% of farmers, 3 to 5 employees for 17.3% of farmers, and more than 5 employees for 9.3% of farmers. Forty-seven percent of farmers surveyed responded to a question about farm size. Of those, 50% indicated that production occurred on 3 acres or fewer.
More than 56% (n~128) of the farmers surveyed used manures. Most farmers who used manure reported using poultry litter or poultry manure (45.3 and 35.9%, respectively), but a wide variety of manures were used, including cattle, horse, and goat, and one respondent reported using humanure, a product from a composting toilet.
Responses to an open-ended question indicated that there are many differences in the composting treatments being used. Some used passive composting. Some turned the compost weekly; some turned it every 2 to 3 weeks. Some mentioned monitoring the temperature of the compost; others just mentioned a length of time during which they allowed compost to sit. Of those who used manure, 18% used a mixture of raw and composted manure, and 15.6% did not compost manure at all (Table 1 ). Almost 15% of manure users applied manure more than twice a year. Over 45% of those who used manure indicated a ,120-day waiting period between application and harvest, and 26.6% waited fewer than 90 days, as recommended by the National Organic Program (14) for crops that touch the soil and crops that do not touch the soil. In addition, 51.8% indicated that farm or domestic animals (dogs, cats, fowl, etc.) had access to production areas.
Only 151 (66.8%) and 150 (66.4%) of the 226 farmers indicated availability of hand washing facilities and bathroom facilities, respectively, near their field and packing shed. Approximately 50% (n~117) of farmers said that crops were harvested with bare hands. Only 41.2% of farmers indicated that they had previously offered some sanitation training to workers when harvesting, cleaning, or packing their crops.
Most farmers used tested water sources for irrigation, although 30.5% of respondents used surface water from streams or ponds, untested well water, or rainwater for irrigation. Over 50% used tested water sources for washing produce, but some producers (15.9%) did use untested well water to wash produce. Only one used surface water and rainwater to wash fruits and vegetables ( Table 2 ). Only 39% of the farmers used sanitizers on surfaces that touch produce at the farm. An open-ended question about the type of sanitizers used revealed a wide range of products being used for ''sanitizing'' such as vinegar, mild detergent, liquid soap, 50% bleach solution, 20:1 water to bleach solution, sulfur/citric solution, ammonia and water, and household cleaner with bleach rinsed with well water. Only 33% of farmers always cleaned the containers used to transport produce to market between uses. Of those who cleaned containers, 45.7% used water and detergent; however, responses included a variety of methods including the use of bleach and water, soapy vinegar water, and rain and sun. A variety of produce cooling methods were identified, with 18.1% reporting no cooling methods used on the farm (Table 3 ). Thirty-five percent (35%) rarely or never cool produce during transport to market.
Data from market managers indicated that markets varied in total numbers of farmers and vendors with 7 (15.7%) having 5 or fewer vendors, 6 (13.3%) having 6 to 10 vendors, 7 (15.6%) having 11 to 15 vendors, and 22 (48.9%) having more than 15 vendors at peak season. Over 40% of market managers indicated they had no food safety standards in place for the market. Only small percentages (2.2 to 11.1%) of managers asked farmers about specific conditions on the farm that could affect product safety (Table 4 ). Of the 45 market managers responding, only 55.6% provided hand washing facilities for workers and vendors in the market. Less than 25% sanitized market surfaces. Only 11.1% always cleaned market containers between uses. Over 75% of the market managers offered no sanitation training to their workers or vendors, even though 27% allowed on-site food preparation. A variety of cooling methods were identified in the markets, with the most common method being the use of portable picnic coolers with ice (48.9% of those using cooling methods). More than 50% of the managers indicated that no cooling methods were used in the market (Table 5 ).
DISCUSSION
Direct sales of produce to consumers through outlets such as farmers markets are critical for the economic viability for small to medium-size farms, and there is clearly increased consumer demand for local produce. Results of these surveys indicate that some practices being used on small to medium-sized farms and in farmers markets may increase the risk of foodborne illness among consumers. Onfarm practices that are particularly problematic include use of raw manure without appropriate waiting periods, farm and domestic animals having access to growing areas, use of untested water for both irrigating and washing produce, lack of sanitation training for workers, workers having limited access to bathroom and hand washing facilities, and lack of proper cleaning and sanitizing of facilities and equipment.
Approximately 36% of farmers using manure indicated that they use manure that has not been composted or a mixture of raw and composted manure, with 15% of them applying it multiple times per year, which makes even the 90-day and 120-day waiting periods between raw manure application and harvest used in the National Organic Program questionable. The use of raw manure in growing areas increases the risk of contamination of crops with pathogens such as Escherichia coli O157:H7 and Salmonella. E. coli O157:H7 has been shown to survive up to 150 days or more in soil and up to 70 days in manure, depending on temperatures. Salmonella has been shown to survive up to 300 days or more in soil and up to 159 days in manure (6) .
Approximately 50% of farmers reported that their crops are harvested with bare hands, yet only about 66% of them had hand washing or bathroom facilities easily accessible from their fields or packing areas. This lack of appropriate facilities could increase the risk of foodborne illnesses caused by agents such as norovirus, which are easily spread by unclean hands. Since only 39% of farmers indicated that they sanitize surfaces that come in contact with fruits and vegetables and they use a variety of compounds and methods, accurate sanitizing of facilities and equipment is an area of concern. Limited use of sanitizers on surfaces that contact produce increases the potential for cross-contamination to occur on the farm.
Cooling of produce is designed to preserve the quality and nutrient value of the product and to reduce microbial risks (12) . However, lack of cooling during postharvest handling on the farm could lead to changes in product texture that make it more susceptible to damage, increase the risk of contamination, and promote bacterial growth. Cooling limits the growth of human pathogens and is a strategy widely used in the produce industry for helping to ensure the safety and quality of produce (6) . In direct-toconsumer marketing of produce, products are often harvested, stored, and transported to markets, where items sit in the hot sun or under hot conditions for extended periods (7) . In addition, farmers often shell peas or beans, shuck corn, etc., and sell these items without refrigeration. Getting farmers to think about the need for cooling produce is a step toward safer handling of produce on the farm and at the market.
The beginning farmers working the small and mid-size farms often do not have a traditional agriculture background, have limited capital, and have not had exposure to food safety training. There is a need for training and costeffective ways for these farmers to minimize the risk of foodborne illness to prevent outbreaks that can damage this emerging market sector.
There were also problems identified with some practices in farmers markets. Farmers markets generate economic activity and can be an important component of the agritourism for rural communities as well as the social fabric of the community. However, many of the markets have no food safety plan or standards in place. Most market managers reported that they do not ask farmers questions about how the products are grown or handled before they are brought to market. There was limited reported use of sanitizers on food contact surfaces at the markets and cooling of produce in the marketplace. When cooling was used, portable picnic coolers with ice were the most common method. This method raises concerns about the safety of the water used in making ice and also in the sanitary handling of it in an outdoor market. In addition, many markets also allow sampling of products but offer no training for vendors on how to do this safely. Again, this illustrates the need for education and practical solutions for market managers to reduce risk.
Over 40% of the farmers who responded to the survey expressed interest in receiving food safety training material for their workers. Over 60% of market managers who responded expressed interest in receiving food safety training materials for vendors and market workers. It is in the interest of farmers, market managers, and the public to increase training programs for farmers on small to mediumsized farms who are not good agricultural practices certified More than one answer could be selected.
but are selling produce directly to consumers as well as for managers of farmers markets to enhance the safety of locally grown produce. If foodborne illness outbreaks are traced to local markets, this will threaten the future of the locally grown food movement, which has provided new access to fresh produce and increased the economic viability of these small farms and the communities they serve.
